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Fig. 16.2 Model of uniform bar under tensile impact. 


ELASTIC IMPACT 


Consider next the case of elastic impact on a bar of uniform cross section, as shown 
in Fig. 16.2. Provided that no break is experienced, the stress wave will move a 
distance equal to the elongation of the strained portion of length L, shown by the 
shaded area in Fig. 16.2. The stress wave will move with acoustic velocity C a 
distance L during a time interval t. When the distance traveled by the end of the 
bar is V 0 t = eL, and L = Ct, a useful formula is obtained 

V 0 = eC (16.5) 

Utilizing Hooke’s law e = cr/E and Eq. (16.1) gives the dynamic stress immediately 
after impact 


a = 


EVo 

C 


(16.6) 


When x = 0 and t = 0, Fig. 16.2 shows that V 0 = V. Also note that Eqs. (16.1) and 
(16.6) have essentially the same form. For a steel bar with E = 30 x 10 6 psi, the 
appropriate formula from Table 16.1 gives C = 16,870 ft/sec so that the velocity 
corresponding to the yield strength of the material of, say, 80,000 psi is V 0 = 
45 ft/sec. It should be emphasized here that a significant numerical difference 
exists between the particle velocity and the sonic velocity of stress propagation. In 


Table 16.1 Formulas for Sonic Velocity 


Uniform bar of infinite length C = 


E 


1/2 


Infinite slab or plate 

Cylinder 

Elastic continuum 


C = 


C = 


C = 


E 


(1 - u 2 )p 
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1/2 


1/2 


(1 - U 2 )p 

E( 1-v) 


(1 -(- u){l - 2 v)p 


1/2 



